Introduction

15
The target of rapamycin (TOR) plays vitally important roles in regulating cell growth 16 and metabolism. TOR interacts with several proteins to form two structurally and VAN SLEGTENHORST et al. 2004) , and Rhb1 physically associates with Tor2 In the present study, we performed a genome-wide screen in S. pombe to identify the 8 genes that inactivate Tor2 by isolating deletion mutants that phenocopy tsc2 deletion. 
Materials and Methods
21
Strains, media, genetic and molecular biology methods
22
The commercially available S. pombe nonessential gene deletion strains (KIM et al. 23 2010) were purchased from Bioneer Corporation. The other strains used in this study are in Figure 1C , the prototrophic Δtsc2 cells displayed canavanine resistance. tested for the growth on normal or low NH4Cl EMM plates supplemented with leucine.
4
The prototrophic strains were tested for the growth on canavanine plates. Using the 5 genome-wide screen, we isolated 13 deletion strains that phenocopy Δtsc2 cells. Here 6 we will report the characterization of one of them, Npr2 (SPAC23H3.03c) encoding a 7 protein of 409 amino acids that is highly similar to human NPRL2 (30.3% identity and 8 58.2% similarity) ( Figure S1 ). The other genes will be described elsewhere. control of its own promoter. We found that in wild-type cells, Cat1-GFP is mainly 21 detected at the cell surface, and is also enriched in the medial region and cell ends
( Figure 1D ). In Δnpr2 and Δtsc2 cells, Cat1-GFP is localized to intracellular small 23 punctuated structures and, to a lesser extent, to plasma membrane ( Figure 1D ). These 
Mutation or inhibition of Tor2 activity leads to canavanine resistance
14
We next examined the canavanine sensitivity of tor2-287 single mutant, and Next, we examined several tor2 point mutants in which wild-type tor2 + gene was To examine whether the canavanine resistance is due to the dysfunction of Cat1, a 11 permease that transports arginine, we constructed a series of double mutants with Δcat1.
12
As shown in Figure 3A , tor2-287Δcat1 cells didn't show synergism in resistance to these results, we hypothesize that Tor2 regulates Cat1 function at multiple steps which 12 may include transcription, membrane trafficking and protein stability or degradation, 13 and that Npr2 functions as a negative regulator of Tor2 ( Figure 3F ). whereas that induced by Torin1 was remained ( Figure S2 ). This result is consistent with 22 the finding that rapamycin inhibits Tor2 activity in an Fkh1-dependent manner, whereas
23
Torin1 directly inhibits Tor2 activity. We also noted that in response to Torin1 the Δnpr2 is due to the high activity of Tor2, we investigated the effect of rapamycin 13 treatment on Rps6 phosphorylation. The results showed that Rps6 phosphorylation was 14 completely abolished after rapamycin treatment for 60 minutes ( Figure 4D ). We also 15 confirmed that in tor2 S1837E Δnpr2 cells, rapamycin failed to decrease the elevated level
16
of Rps6 phosphorylation ( Figure 4E ). Altogether, these results indicate that the elevated 17 level of Rps6 phosphorylation in Δnpr2 is due to the high activity of Tor2.
19
Npr2 negatively regulates Tor2 activity downstream of Rag GTPase
20
The results above strongly suggest that similar to Tsc2, Npr2 also negatively regulates 
10
As shown in Figure 6B , in wild-type cells, the cleavage from GFP-Atg8p to free GFP The SEA (Seh1-associated) complex is a conserved coatomer-related complex that 
20
These differences may be ascribed to differences in TOR activity. Second, as an Torin1, but not rapamycin, markedly induced Isp5 transcriptional activity ( Figure 4A ).
5
These results suggest that the effects of Torin1 may be also explained by the inhibition 6 of TORC1 and/or TORC2. (http://www.jsps.go.jp/english/e-grants/grants.html). across the cell membrane in the fission yeast Schizosaccharomyces pombe.
22
Genetics 161: 1053-1063. streaked onto the plates as indicated, and then incubated as described in Figure 2A .
(C)
11
The phenotypes of tor2 point mutation mutants. The indicated cells were spotted onto 12 the indicated plates and incubated as described in Figure 2A . Cat1-GFP under the control of its own promoter were grown to early log phase in EMM 21 media at 27°C. The fluorescence was examined as described in Figure 1D . Bar: 10 μm. extracts were subjected to electrophoresis using 8% polyacrylamide gel and were 6 immunoblotted using anti-GFP antibodies to detect Cat1-GFP, or using anti--tubulin subjected to SDS-PAGE, and immunoblotted using anti-PAS polyclonal antibodies.
12
Endogenous tubulin was immunoblotted using anti--tubulin antibodies as a loading 13 control. (E) The effect of rapamycin was abolished in tor2 S1837E Δnpr2 cells. Rapamycin 14 treatment and immunoblot analysis was performed as described in Figure 4D . reporter vector pKB8527 were grown and assayed as described in Figure 4A . (C) The 22 tor2-287Δgtr1 double knockout cells displayed similar phenotypes to tor2-287 cells.
23
The indicated cells were spotted onto the indicated plates as described in Figure 2A .
(D)
34
The Δgtr2Δnpr2 double knockout cells displayed similar phenotypes to Δnpr2 cells. The 1 indicated cells were spotted onto the indicated plates as described in Figure 2A . 
